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(57) Hft] 

K fil^J^-iSSW (3 0) w«©sifft*4M, 

anTt±n. a»iB«#t»*i «d««:«» (34) 
hwzmmm 02) ^tettsn, mmi<D&#m% 

o-F»«o»*Sl!Mlo«l©«tlltW-6n, f>2©i*3£ 

ftig (3 6) *t»*iis*o±«t«Ka^6n*. afefi 

*fcK»t&tt&K«#MH« (4 6) T&3„ -*JS^ 
(7 0) S^ti. 




b. &&ftftft\z.&mati,itmmt. 

*»& t£ 5 If* b ^ l^jttrSSBo 

* § 6> fc^trW Jft* l IS*© b v v*itfT«§SBo 

* 1 it ft ti 2 IB*© fc°* b > w^IffS^i. 
a i «r*fig-T S ft*Jl 3 12*© tf* b > 

*ii 2 ia*© f ^ b v u-* iiff ?fi^fio 

* b^u^iitfiggfc 

ft 2 §a*© tr* b >- u-^iiff 

9 ] «HSH*«EJWWIia«*S«ff S?x y b tfy^X'h <0 , R$?a y 
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* 1t (4 2 fBUft© tr* h y i^ilffifiiift 

[!IM10] tWBSB 9 , rttffle>*&^#^i!&& 

S-C fc 5 1 * fc (4 2 ia«© h >- wx««SBo 

[«Wt*l 1 ] *WBai«#*S, iftStix^/^CtfJ; Q fcgvMNt 

*if i o taa© tr* h > u^mn&mm.o 

m&-?hzimmi *fctt2iB*»t°x h^^iiff^go 
*ii 1 3 taaw h v i^iifTigiSfio 

*St£«fiSc-f3!lt*Jgl 4ia*©fcr* hvi^itfr&gBo 

[ft** i e ] mtmmtf t - h #>y-e$> <9 , trnM^mizmmmn 
**i 6ta«©b^ b>w^iiff?igsfc 

[ft** 19] ft 2 (D*$^£* U IWB*»^* A'^Srfe^l" 5 fc * © 

* £ ** i o is«ra h v u^iifT^Bo 

[ft**2 0] tulB^v^^, lWIBJftW»*«^fcai««:irSiH5$nfc 
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[0 0 0 1] 

*%m\*. *m^*^-mz£oxnfe£tifcm®mw- 1 4 0 5 -eng 
[0002] 

[0 0 0 3] 

^i?>&£xmmkfrttWl1$&&!te+5mEti:x J ry7ft. William 
B e a 1 e > I^U-fX h >*j «£rf£BJLfcl 9 6 9 

¥(-M*ofc 0 rfflftrii, ^7^->t7 hjoitJty y^lff^^fxxyi) 

[0 0 0 4] 

Cepeileyffl rgjiffiSt— hiyi/y©^ y igd^J ("Gain and 
efficiency of a short traveling-wave heat engine," 77 J. Acoust. Soc. Am. , p 
p. 1239-1294(1985)) (4, U y^xy^yj? itWftaWI«)*Jta^ 

tSrBf^LT^5„ C e p e r 1 e y f3\ 13 >V J -$jSpC0 8 
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r 1 e y Ceperley^Beal e<D#Xxyy yjf%}&\ZLMz. 

3x\,fcM.X\ Bea leOltfflSftlSrtmi?. Ceperley 
tiS«l©iia-t-5i»^, 1 9 7 8¥9^ 1 9 0(^fl$tbfc*B#rF4, 1 
1 3, 3 8 0. fcitfl 9 8 2^1 0^ 2 6 B (^fi 1 $tb/c*ll#fF4 , 355 
, 5 1 7lriB&£*lT^5o L^U Cepeileyli i'CD ± 5 !- LTUffl 

[0 0 0 5] 

ii^^Jf P7-f •X^/l^i^ijlffi (O P T R) (Radebaugh, "A review of pul 
se tube refrigeration, "35 Adv. Cryogenic Eng. , pp. 843-844(1992) ) i4, X? 

^ /^V^tfi: LXtabfoZmWliM (a thermal buffer column) & 

cfcU^f&lffh' >-t°— y>.x|H (a dissipative acoustic impedance network) 
(CioTS^^ttTV^o OPTR©i$ 
[»1] 



tr-^v^iiHKHW*^iS»tt©fc*{c, *^y-fiT c / (t 0 -t c ) xv h 

[fc2] 



<2c 

\mxh V , 

[«3] 



, *fcOPTRf4, »?**;£ttfcJ6fl§Wil"CS>3. 
[0 0 0 6] 

„ L«»U JKEST?, £©»j£5iflB:ffil!i**Wft&#ofc 0 L^U 199 7 
¥11^21 HtmK^tlfc^HWfFWBBO 8/9 7 5,7 6 6-§"T?tM!£4x 

SftSaSr, OPTRro?&3?*©5%*-CK:/hS<i-5^fc*s-e#5. *MMf£tt 
, 2 r>^-y y^s» J;(Fo p t R-etffl Jtir ^fe^, x^-y 

[0 0 0 7] 

2SAPOPTRtdHii-C!-4, Gedeon© I"* ^— J) ^'jo i.t>V?/I^ 
WMffi?a^!«afc*3l-t5DC^^7ci-j ('DC gas flows in Stirling and pu 
lse-tube cryocoolers, "in Ross ed. , Cryocoolers 9 , pp. 385-392 (Plenum, NY 199 

[ft 4] 



M 

[ft 5] 



[*6] 



Jfc p (r 0 -r c ) 
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[«7] 



Mc p (T H -T 0 ) 

[0 0 0 8] 

#>>WHft*©2 5%±9fcT~*t<«l8Ut. 
[0 0 0 9] 

[0 0 10] 

£"tt?„ WSP^^^^- (acoustic energy) ii, (a torus) ftSr^frSr 

^LTfe5^^(c«it-r5o io©^*^iet*jv^T, ai^tora-cw*^ 

^-*e»fSfc«>, *R#--flttf£tt (a side branch) *b« 0 ST 



(a regenerator) i5f^©ifit:S^ SB 1 <75§KM£ (a first heat 
exchanger) ff, *J^5ff»3i*^-0*^|C#Lr»3IMBOT«Kfcfc5 
1 ©WKfcatft, m2»fi32i^ (a second heat exchanger) flS# 
B»©SS2©*lCjl;Ml,T^a. *S5*aW)-*ttftfm* (an opera 

ting temperature) fiSMff^ffi^tiJllffl^COfajt (an ambient tem 

perature) i^&5 0 **Wfc*5tt5afc|fH:, tt#©¥*&«a*fcJfc&lr/N;:-f- 5 fc 
ft, a^frrti^S^^fcWMS^SlJS (a mass flux suppressor) £^t? 0 1 

rSfc*. »fKa«t&5f»S«a&tB^bfc?»8HBtt (a thermal buffer col 
umn) ^r"Srtfo 

[0 0 1 1 ] 

[0 0 12] 
[0 0 13] 

iii i Ajoit^m 2 AXTjk&ti&^ft—v y y&mmiop 

, HiA»J:u«H2A©*<TlSv^WCjSSn5J:5l!:, ff/<7-isrjib 
*ja»«K««aft©*«T 0 -CA5, ffiaT 0 *fcHti«fflT H «)fll(0**!6>foW 



[0 0 14] 
[0 0 15] 

[ics] 



^o = ^w+Re[i 1 (xy jf ] (i) 

¥Kjffif m tl»^fcoT, fflttMLiit-S,!), ? x (x) f±»»T'fco 

t, mm<D±^^ioi:mm^m-r 0 s»{±^«»*co = 2 % f -t?jers 0 

Sw i f t ^C0 r^fi^<73ffil|i/^li/g5>tfrj ("Simple harmonic analysis of r 
egenerators, Journal of Thermophysics and Heat Transfer, pp. 652-662 (19 

96)) fcWBSftfcH . ^^n-fii, ±tcifi*©#WE», •rttfrhm* 

mm? i&XTffcmiA&u jcM&zmxxi^,, xjaimj^jWiRiis, jew 

[0 0 16] 

Bfc.fc'tfH 2 B testis, 0lA*iJ:O«B2A/ff>t/tiK<iaBt*3V^-C, p 

e) fci^v^^w^fifvs^ m 1 ao^m i s 

) ^*Stt5JE^©^ffitt-tfn-Cfe5tV5*»TL*^.ff, H 1 B © p 1C *S it? 
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im%mWr1r&l£jjmTte I Pl | tJt«LT/hS<, Lfc^oT, Pl0 fi, 0 
lB*±VH2BK^Six5±5t, p 1C * fc (i P 1H i^5ff < ft it Jitf* b ft v \ 
[0 0 17] 

[iC9] 



»iol 



= ^ Re[p lc i7 lc ]= ^|/?ic l^ic | cos <9 C 

ISK©i&aWj©-hl8i:fc5. 

[in] 



ec^|Re^ lc £/ lc ] (2) 

[0 0 18] 

IE©x^^^tiftCtti(±*ft^ftv\ Lfdiot, U 10 *3it5U lc 

#SI^#^^Sr*^-5fc©t#^.P>tu5w-C, p m U 1 tt«IMBrt-T?x*>b» 
StTfeij (::rT?p , i:<Jcu 1 ©ffi*Hi4«l!l«*aLT- 



-li- 



[gel 2] 



(ro^T/h^/i | Uj I Sr^fiH-SfcAK, U 1 ttp 1 tl3:£/,£llWL.T^fctt 
*L«ftfe-T, Lfc^oT, p^fitstt, u lc ©^ffii:u 10 ©^ffit©K©^n 

p 10 -p lc (t tfHRSrtroUiO&sjnm^ti^ai (awr) Lr^tttitsa 

[0 0 19] 

S3 9, H2Atc#vvcH**ftT^5;**-!J ^a^S^oaMaSfctt:, 
So 6 o <9 0° T?*5#&\ W^P-EMBIMBl 2g>HBaWt«K«^&. 

*M?agT m (x) (t, gfs^i 2KJ:o-cT n a>feT„K±in-a 0 ^Tjm 

_h# K J; o -c p .flMB T-f 5 . - Jt *)t3£ p.U^xtSLTBi/O?* 

w«Tfe5fc*. wm&mmm\^, i u 1H i > i u 10 1 t**. #^ 

^l«(r0(g^-tirP 3 ^5 o m& 2o<D3b^rj;oTBl2 B(c*5V^TU 1H o?u 10 (c 
[icl 3] 
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\\PiHp 1H \cose H > hp w \\U 10 \cos6 0 

[0 0 2 0] 
[114] 



|Re(p 1/f C/ m )<j2H 

[0 0 2 1] 
[ftl 5] 



co 2K/0} l r ~ i 

a^acai ogiai»fi e^^^m-r^o c e P e r i e yias^xwa 

3t£ih,S'<ST?*>a. r©rt&^i-5fc»|t, CeperleyKlSKB 
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[0 0 2 2] 

<o-j:pev^»^rfsamtf 3 ob, * g ^ttaaggaag 32^ 20 

tPa&3ESMB3 4, 3 6^f5, #:S:i;::}3VvC, rsttfflcj tv^fflMii, /-W 

& s «r 5 fc » ©#ang £ hs-t s % © & ac*-r 5 „ tf/^-_3 

8tt, ill ^R] id ± o £ *vr v > 5 ± 5 fcHttftftS OfrB»IHa 5 l-fit 5 . 

^1^7-4 2 ft, « 4 4 fl> bg&Rft: 3 0 jcMA U gjR^3 2fe5^ft 
«fc 9 f¥^1-5 «t 5 fc, K*»fES*SSiJI&4_6 *sgHftft:3_o rtfcEB&ft-C*? d , m 

mi e] 



M 

[0 0 2 3] 
[mi 7] 



PIC-PV = R M U 1M 

^4B*^-rfc©T?fe5 0 ^#3 otcfett?>='^y7-rr^^gp4 skx-^x 

m#t#:3 0©^-j—^>-^g|5 5 O^iiSffeeESgOn.^gtajHOjfegjfeSB 6 £g 
5*;h,iJlft5;:iflS?MiE£ft5 : 

[«1 8] 
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[SCI 9] 



-Pio =7^-^ ^io + 7^-Pio I 

(4) jSitr (6) fc»*-e*>*5fc % *»R M , V 0 , l*S±tJ«SK38 
[0 0 2 4] 

»62 £Hfe£Mg6 4, 6_6 t^tP„ fiv^HJ6_8tJ:or***i,TV^J: 
5fc, ^^7-iiS^#:6_0 5rB#H-[H]*5i-«^LrvN5„ xy^ytioti 

A $ 0**»^17 - 7_2 tt, WM7iti-o Tf^ffltlt ^pjfg-c. 

»2 0l 



xi \z |b)^o Tffi^-t 5 ®#J ^Sfc-f t ©t* 5, n ©Ml 6_0 (Co V ^ 
T©#Wii, 5$ (4) ~ (6) iCfLT^lcmtSfeOT-fei), ¥tT#^ 
33= C £ H in g X. 5 fc ft T» $> 5 0 
[0 0 2 5] 

m 3 fc- itf 4 ic&v >r 0^ $ *ir v n 5 * ©fc&»f£»Ji«£ 3iiR-r 5 

[0 0 2 6] 

t> b -f , ^#/^ !7-;6*Bl3*sJ:tf4 ©Sift* £ i ^B#tf 0 5 HHMW 5 t v ^ 5 
«r-&tpEl5A*3it?5B}c*i{tsa^IiIKt-oV^#iT* < t5o fiSLRttllff 
[0 0 2 7] 
[»2 1] 



*svrr±, Sifefc LO-f 9 Uc3o\,^xmm¥®£ tifzs*V~-i>m®.£tiZ> 



[12 2] 



2 115 liiJ 2i? (l-afz,C) + (a£/i?) 2 

[«2 3] 



[i2 4] 



^5=|Re[F ls 7 15 ] 

tbfc/-?!7-i4[HlK*^«ffi^fc*W1-5o 
[0 0 2 8] 

0 3&4lM(c;£tf S^-^v;* 5_0, 8 0 tffrtj;*) <D^ y^y-l T 
[0 0 2 9] 



3 2 , 6 2ft, r«i5*fi|fe»^ (ft»i-*5V^T{i) fS?S.*Sm^3_4©« 
co-ocoiB#^J;^(^5£^3 4, 6_6_COS*f{l!ll-*5V^TitBl3*3 it>M 

7 0\O6 fiai$«3 4fe 5 vM^aiagmwe e> ji Ham 
i«a52> lost y 7 a x^xw&mm<n;<;vx<g t %±\mm-z> t 
3 4 feavMAasia^mgge 6 fc^BiB«saafc<oK-g^g^r t ^ ^-efe 

5 0 i^i-J:5M«»»£&<1-fc*{m, Mig«a5 2, 7 oil, il?M3 
& <£ 4 £ft 5 £ 5 (-{g^lUffia^Tft fc 5 J: 5 fcSEfc fa ft 

fetbS^fefeSo MHO JI«HMMB**<rfc»Ktt 

«E»Saft$^fc*faEIW»»Sr*<-t-fc»t;:tt, rrtiii LT5I < 1 9 9 7¥ 
11^2 1 HtrWJl^nfc^HWJl^O 8/9 7 5,7 6 6 ^ Lfc^V \ 

gf a s 2 , 7 oit-r— /^-t-fc^^t ~efc5o 

[0 0 3 0] 

#»93 ogij© j««T?M:, *tfc# (0 3 01^3 0, 0 4 (PHERfte 0) Ji 9 © 
[12 5] 



K2 6] 



Mc P (T Q -T c ) 

«58 30»W|Ofifi«ttl»34^ *fctt 
[12 7] 



Mc P (T H -T Q ) 

[128] 



M 

!4jEfl|l!:i?m?fc5, *5T'^(m«, K*P*/^f ao-*o, *fci4ftfc*o 

*aicailJW!C*a-r5o tflfficOGe d e o n Si, ^*<0«WC*fL-CBfl»SK 
[12 9] 



M 

[13 0] 



[0 0 3 1] 
[13 1] 
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[13 2] 



[0 0 3 2] 
[13 3] 



M 2 =|Re[pA]+i^ 2 

* b !)-?y^t L-cfcifeft-cv^a. fuffi^Ge d e o n ». 

[134] 



PF 2 =|Re[pA] 

[13 5] 



[»3 6] 



^Re^t/J 



-20- 



[$3 7] 



u 2 --\^[f\u 1 )o m =-w 2 i Vm 

[138] 



M 2 *0 

[13 9] 



~M 2 c p (T H -T 0 ) x>v> (12) 



»4 0] 



M 2 

©ff^jSCT, m3&£VM4<DWm^3 2, 6 2ffcttji»ft5 2 ) 7 0 
[14 1] 



Qloss 

[|4 2] 



[14 3] 
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Qioss T (T 0 -T C ) W C 7 (T 0 -T c ) Q c 

H reg 7-1 T 0 H reg r-1 T c H reg 

[0 0 3 3] 

ElSCOtCDtfiffi^M^Wt^— T'feSo 8 0 2 . 4MP a CDT/V=*V 

8 0^TOtr^-5T^cDfi^gj.v^v7 8fc iotll^-fto -A«Hi4 

y/7^r^84< feJ:t>'^»^ 0 » a 8 e^iioTB^tfEtJirgmi-s. SB 1 
g?^mfftg»8S8 8fej:r>^ 2 <pjai&j»3anB9 6<pjg 00177 ^ 102 , 

[0 0 3 4] 
[0 0 3 5] 

8 6 OifrBBg-efc SWIMS 9 8 ft, 400^i/a Ctfcfofc, ^ 
a t) 4 0 0c07^^r) (Dh^^XT-yUXfflOX? V—>&WM6- icm-e 

ft* «fc 5 *, r/>=?^roi»gsa?5 000 K-e 1 0 0 n m) «t 9 *>t o t/hs 



-22- 



V\ WW>^9 8<Dm<9<DXy"yu?.m<D!£Jj^9 4 & 1 ■ 4mmOflf^o 
TV^fc 0 jjgffft l 0 4 ^1^13. Ocm, SJlO. 3cm, HJ?0. 8mm 

©***HifcniafT'fcofc 0 ig»ftj_o_4 (Dmm-iT/v^tD^mmm^ ( 3 

00KT-90/im) iHfoJ:^:^<, *fc^:CQ4S£f± I Pl |/p_~0. 1 

#§iLTo«ttT, faggffi i 0 j T-cojgib-rs^ (plug flow) 

y ©IfilS £S 6 t^-t-i 5 Hft^iLft. 
[0 0 3 6] 

f*i&© i m<Dtcib, Mi9 8 jr^ggfa i 0 4 £ (PfflroeafftgEjfcs gi o 6 

F±, 7r-r^-^7^©7W-A{C-i?^^(C#V^fcl. 8fi©U©NiCr 

^8_8*Di^2»Jl?afl^m^9_6) fi, Si:i:£a»e>fc5«-i£ (shell-and- 
tube construction) T*fe 9 , ISl. 7mm, g$ 1 8mm<D l giDfyU^>T/V 

=*v-e I pJ/p m ~o. i -em o 4 ©wy/v^i:^ofcfc©-e&ofc„ 
»ig>aaj»3a;atS8 8^ioj:5^gsr3 estu » 2 ©jiiu^m^ 9_6 

14 9 l^TLTVyfc. 
[0 0 3 7] 

C7ficniKftoftrti2. 2cm, fi^ 2 1 c m©ffiWiMf t&ofc. 
&3£ & Kl" S * K , /ft-^^82t ft i*«8_6©1t]5!tg|$ p B p ti^oo 

btt, 7 7^^©SEftlfPtftv^/i'f*Sifi5ja±!5rfffcJ;5l*(lll^li:-f) it 
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iot> hZ,-fe<DmMKU¥f^tz 0 3^7-f7^84^ 9 5 0 cm 3 © 
flcgf®, 2:2: 1 ©T*-<^ hJt*«Fofc^©fiP3ftrcS,ofc„ 
[0 0 3 8] 

»acHl8_6MJI1gIttH 6 t^Lfc ± 5 KUBtfiSftfca*, ifttfflfc5 El 0 8 
W^»«&^-fcoTJ;W £i£«L,TV^7>ofc 0 |P lc |/P m =0. 

|P lc |/P m =o. 07-ett, yowwfi^AitttST^ir^Dn 
a^*5it>TOSP^tt^K^t^MLfcii<9 t*ot, ffi»-C*tvvgp-eH:fc 

[14 4] 



M 

[0 0 3 9] 
[14 5] 



M 

[14 6] 
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M =0 



fe„ gfe|fcttg> h i>m 1 0 8 ti 0 . 04A>5)0. i o*t© I p 10 I /P m COffiH 

•e^ftbfco j^gjfegg i oe -e (»*&t 0 =i 3t) 

[14 7] 



*P»f S-i:fcJ:o-CT 0 ft- l l 5°c^e>7°c^x.^^e, N I p lc I /p ra 

= 0. 0 5 4^jP^p$tifco g]7CD^lpo^$tl/cia^-*5j;t) ; ^fi ; e^m#6 

o 6 \z.m%ztiitnm&<n'<v- 

[S4 8] 



[S4 9] 



sidebranch 

[0 0 4 0] 

Bt6 0] 



-25- 



W e -±Xe[p u O u ] 

»5 1] 



[15 2] 



<2c 

It53] 



T 0 -T c fCfct«LT, T o = -12 0t;T'10W*t'_h#t?i„ 
^ftfi, Hm*W CtOlfOiiiS fcfifgffft 10 4 T'OX MJ-S ^*fc 

[ft 5 4] 



Q c /^ = 7;/(r 0 -7 c ) 

X(Df^(DlE^m^y — n., T c =T 0 T-cDifn;^e>T c =- 1 2 0°C-C©3 5 
[15 5] 



^ = (40wflto)(r 0 -r c )/r c 



[15 6] 



[0 0 4 1] 
[»5 7] 



" sidebranck 

(Dwmmz, ^w?m&K£ i o , fst£3o%n-5f£«rjffiii-t-s. t+jf-m, ^* 

/*7-<Piia5Wttjfeffljfe<Pfc5a i 0 8 (QTCD|S 2 (Pjafijft5S&88 9 6fif L 

[0 0 4 2] 
[*58] 



^ C = 40W 

[15 9] 



(4*5 J;-^ 3 owe*?), 

[*6 0] 
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[16 1] 



[ft 6 2] 



" sidebranch 

[0 0 4 3] 

ox > > fcfasu-t- 5 fc * t- , is \Z7*-r=c y V y i2 0 ^# 

Bf**rtoT?*5. *fcj±^iryij-t>, p 10 fcp m ta£r*fcfttcRrfe>n 

[0 0 4 4] 

f »12 2 |j: < W&*t8. 8 9cmK»«JlPXStL, 7. 3cm«*Sftft 

i 2 o^y^o^Tywlo^^ !J— ^bf&KUt, y-voa^a 

*rt©^^y-^o«fi*fta5K:i-5f:, #8f#?L*H:0. 7 2t% 

^4 2 nmXh-otc 0 Z.tlteWf&$& 1 2 2 tcjb'VT 1 4 0 /z m^P) 4 6 Onml: 
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Fig. 13D 
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